6                                                                 NEW APPROACHES TO NUMERACY

come as no surprise that the essays themselves are replete with inter-
connections, both in deep structure and even in particular illustrations.
Some examples:

MEASUREMENT is an idea treated repeatedly in these essays. Experi-
ence with geometric quantities (length, area, volume), with arithmetic
quantities (size, order, labels), with random variation (spinners, coin
tosses, SAT scores), and with dynamic variables (discrete, continuous,
chaotic) all pose special challenges to answer a very child-like question:
"How big is it?" One sees from many examples that this question is
fundamental: it is at once simple yet subtle, elementary yet difficult.
Students who grow up recognizing the complexity of measurement may
be less likely to accept unquestioningly many of the common misuses
of numbers and statistics. Learning how to measure is the beginning of
numeracy.

SYMMETRY is another deep idea of mathematics that turns up over
and over again, both in these essays and in all parts of mathematics.
Sometimes it is the symmetry of the whole, such as the hypercube (a
four-dimensional cube), whose symmetries are so numerous that it is
hard to count them all. (But with proper guidance, young children us-
ing a simple pea-and-toothpick model can do it.) Other times it is the
symmetry of the parts, as in the growth of natural objects from repet-
itive patterns of molecules or cells. In still other cases it is symmetry
broken, as in the buckling of a cylindrical beam or the growth of a
fertilized egg to a (slightly) asymmetrical adult animal. Unlike mea-
surement, symmetry is seldom studied much in school at any level, yet
it is equally fundamental as a model for explaining features of such di-
verse phenomena as the basic forces of nature, the structure of crystals,
and the growth of organisms. Learning to recognize symmetry trains
the mathematical eye.

VISUALIZATION recurs in many examples in this volume and is one
of the most rapidly growing areas of mathematical and scientific re-
search. The first step in data analysis is the visual display of data to
search for hidden patterns. Graphs of various types provide visual dis-
play of relations and functions; they are widely used throughout science
and industry to portray the behavior of one variable (e.g., sales) that
is a function of another (e.g., advertising). For centuries artists and
map makers have used geometric devices such as projection to repre-
sent three-dimensional scenes on a two-dimensional canvas or sheet of
paper. Now computer graphics automate these processes and let us
explore as well the projections of shapes in higher-dimensional space.
Learning to visualize mathematical patterns enlists the gift of sight as
an invaluable ally in mathematical education.